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on the upper surface of a wafer with improved 
adhesion. The deposition is performed by first 
pretteating the wafer wilh a hydrogen plasma prior 
to performing tungsten nitride deposition. 



ESTABUSH 
TEMPERATURE 
ANDPRESSURi 



SUPPLY RRST 

GASEOUS 
OOMPOSmON 

i 



TUNQSTEN 
NITRIDE 

DEPOSITION 
ROUTINQ 
400 



IQNITE 
PLASMA 



SUPPLY SECOND ^ ... 

GASEOUS r 
COMPOSmON 



PURGE 
CHAMBER 



414^ DEPOSIT 
METAL 



— ' <done5 ""^ 



16 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Tfithniania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azeibaijan 


GB 


United Kmgdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Ta^kistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF, 


Buiicina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TX 


ttinkiad and Tobago 


6J 


Benin 


IE 


Ireland 


MN 


MoQgolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central Afincan Republic 


JP 


Japan 


N£ 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Znnbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


. PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


m 


Russian FBderation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


Ut 


Liberia 


SG 


Singi^Kne 







wo 99/00830 PCT/US98n3305 

-1" 

IMPROVED DEPOSITION OF TUNGSTEN NITRIDE USING PLASMA 
PRETREATMENT IN A CHEMICAL VAPOR DEPOSITION CHAMBER 



5 



BACKGROUND OF THE INVENTION 
10 A. Field of the Invention 

The present invention is directed toward the field of 
manufacturing integrated circuits. More particularly, the 
present invention is related to a method for depositing 
tungsten-nitride upon an insulator layer. 

15 

B. Description of the Background Art 

Deposited tungsten nitride has the potential for being 
conformal and providing good step coverage. Tungsten 
nitride also serves as an excellent barrier to the diffusion 

2 0 of many metals that are used in integrated circuit 

metalization processes. Further, the resistivity of 
tungsten nitride is low in coir^arison to other metal 
barriers, such as titanium nitride. Accordingly, it is 
desirable to use tungsten nitride in several integrated 
25 circuit manufacturing applications. Applications in which 
tungsten nitride is desirable to employ include the 
formation of diffusion barriers, gate electrodes, and 
capacitor electrodes. 

Traditionally, the deposition of tungsten nitride is 

3 0 achieved by flowing a gaseous mixture including tungsten 

hexafluoride (WFJ and ammonia (ISIH3) into a deposition 
chamber. The chamber contains a wafer onto which the 
tiingsten nitride is to be deposited. The tungsten 
hexafluoride and ammonia immediately begin to undergo a gas 
35 phase reaction to form tungsten nitride. A thermal reaction 
occurs to combine the nitrogen from the ammonia cind the 
tungsten from the tungsten hexafluoride to form tungsten 
nitride (W2N) . 
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The above described traditional process for depositing 
tungsten nitride also results in the formation of 
contaminant particles in the form of solid byproducts. 
Several different byproducts have been observed. These 
5 byproducts include ammonia adducts of tungsten hexafluoride 
((NH3),WF6) , ammonium fluoride (NH^F) and other ammonium 
complexes. A range of 90 to 300 of these solid byproduct 
particles having a diameter of 0.2 ym or greater are 
generated each time tungsten hexafluoride and ammonia are 

10 combined in a traditional process to deposit tungsten 
nitride on an eight inch wafer. Many of these particles 
become attached to the deposition chamber's interior and 
eventually cause an increase in the. number of defective dice 
produced by the chamber. 

15 Further, the tungsten nitride that is deposited using 

the above described traditional process has a 
polycrystalline structure in which there are many grain 
boundaries. As a result, the diffusion barrier properties 
of the tungsten nitride are compromised. In addition, 

2 0 tungsten nitride films deposited by the traditional method 
tend not to adhere very well to the substrate upon which 
they are deposited. Also, it is well known that WF^ cons\jmes 
silicon during the transient state reaction. As such, 
silicon encroachment into the tungsten nitride layer 

2 5 contaminates the layer. 

Therefore, a need exists for a process for depositing 
tungsten nitride with very few contaminant particles per 
wafer. It is also desirable for a deposition process for 
tungsten nitride to provide for a layer of tungsten nitride 

3 0 that is more amorphous than traditionally deposited tungsten 

nitride. Furthermore, it is desirable for a tungsten 
nitride deposition process to provide for a thin film that 
more strongly adheres to an oxide layer than traditionally 
deposited tungsten nitride. As a result, the diffusion 
3 5 barrier characteristics of the tungsten nitride layer will 
be enhanced over traditionally deposited tungsten nitride. 
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SUMMARY OF TOE TT WENTIQN 

In embodiments of the present invention, tungsten 
nitride is deposited on the upper surface of a substrate 
such as a semiconductor wafer. The wafer is generally 
5 coated, in whole or in part, with an insulator layer such as 
silicon-dioxide (SiO^) or silicon oxide (SiO) . The 
deposition is performed by providing a gaseous mixture in a 
chamber that contains a wafer, and energizing the gaseous 
mixture to form a plasma. The gaseous mixture includes a 

10 first gaseous composition containing nitrogen and hydrogen 
and a second gaseous composition containing tungsten. The 
first gaseous composition is one that does not have a gas 
phase reaction with the second gaseous composition to form 
tungsten nitride, unless energy is provided to the gaseous 

15 mixture. The tungsten containing composition may be 

tungsten hexafluoride (WFg) . The first gaseous composition 
may include a mixture of Nj nitrogen and hydrogen. 
Additionally, the gaseous mixture may include an argon 
dilutant. 

2 0 The gaseous mixture may be energized to form a plasma, 

by infusing it with energy provided by a signal having a 
high frequency. In the plasma, the nitrogen dissociates 
into nitrogen ions, and the tungsten separates from the 
fluorine. The nitrogen ions and tungsten then combine to 
25 form tungsten nitride (WjN) . The tungsten nitride reacts 
with a heated wafer surface in the chamber, so that a layer 
(or film) of txingsten nitride is deposited on the wafer's 
upper surface.. Tungsten nitride that is deposited in 
accordance with the present invention is more amorphous than 

3 0 traditionally deposited tungsten nitride and therefore, acts 

as a better diffusion barrier. 

The hydrogen and fluorine combine to form hydrogen 
fluoride (HF) as a gaseous reaction byproduct that is 
discarded, i.e., removed from the chamber. Only 30 or fewer 
3 5 contaminant particles per eight inch wafer are generated by 
depositing tungsten nitride is accordance with the present 
invention. This reduction in contaminant particles is 
achieved by eliminating the ammonia reaction in gas phase 
that forms ammonium containing contaminants. 
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To iitprove the adhesion of the tungsten nitride film to 
the substrate, and especially to a wafer having an 
insulating layer upon which the tungsten nitride is 
deposited, the wafer is pretreated with a plasma before 
5 depositing the tungsten nitride film. The pretreatment can 
be accomplished in the same chamber as the tungsten nitride 
deposition by providing only the first gaseous composition 
and energizing it to form a plasma. As such, the wafer is 
pre- treated with a plasma of, for example, hydrogen or a 

10 gaseous mixture containing hydrogen. Once the wafer is 

treated, the tungsten fluoride can be added to the plasma to 
begin tungsten nitride deposition. 

By pretreating the wafer prior to deposition, two 
substantial improvements are produced. First, the 

15 subsequently deposited tungsten layer adheres better to the 
wafer, especially to the side walls of a via or trench. 
Secondly, such pretreatment reduces the amo\int of silicon 
consumed by the tungsten hexaf luoride . Consequently, very 
little silicon encroachment occurs, 

20 

BRIEF DESCRIPTION OF THE DRAWIMHc; 
Further details of the present invention are explained 
with the help of the attached drawings in which: 

Fig. 1(a) illustrates a cross-sectional view of a via 
25 hole in a partially formed integrated circuit extending out 
from a conductive metal element on a wafer die. 

Fig. Kb) illustrates a cross-sectional view of the 
partially formed integrated circuit in Fig. 1(a) being 
exposed to a plasma formed from a gaseous mixture in 
3 0 accordance with the present invention. 

Fig. 1(c) illustrates a cross -sectional view of a layer 
of tungsten nitride deposited on the upper surface of a 
portion of the partially formed integrated circuit shown in 
Figure 1 (c) . 

3 5 Fig. 1(d) illustrates a cross-sectional view of a layer 

of metal deposited on the partially formed integrated 
circuit shown in Fig. 1(c). 
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Fig. 1(e) illustrates a cross-sectional view of an 
interconnect structure in the contact hole shown in Figure 
1(a). 

Fig. 2 illustrates a schematic of a chamber that may be 
5 deployed for depositing tungsten nitride in accordance with 
the present invention. 

Fig. 3 illustrates a control unit for controlling a 
chamber that is used for depositing tungsten nitride in 
accordance with the present invention. 
10 Fig. 4 illustrates a sequence of operations performed by 

the control unit shown in Fig. 4 in accordance with the 
present invention. 

DETAILED DESCRIPTION 

15 In accordance with the present invention, a layer (or 

film) of tungsten nitride is deposited on an upper surface 
of a partially formed integrated circuit. The integrated 
circuit may be formed on a substrate that is one of a number 
of die in a wafer. Generally, all or a portion of the wafer 

2 0 is covered with an insulator layer, for example, a layer of 
oxide material that is pretreated in accordance with the 
invention to improve the adhesion of a subsequently 
deposited tungsten nitride layer. 

In depositing a layer of tungsten nitride in accordance 

25 with the present invention, a wafer is placed in a 

deposition chamber, such as a plasma enhanced chemical vapor . 
deposition (**PECVD") chamber. The wafer includes a 
partially formed integrated circuit onto which it is 
desirable to deposit tungsten nitride. Fig. 1(a) illustrates 

30 a cross sectional view of a portion of a partially formed 
integrated circuit on a wafer onto which tungsten nitride 
may be depc5sited to form a diffusion barrier for an 
interconnect structure such as a plug. The wafer includes a 
metal component 101, such as a copper metal line, and a 

35 layer of insulative material 103, such as silicon oxide or 
silicon dioxide. The insulative material 103 extends upward 
from and surrounds the metal component 101 to form a via 
hole 105. One with ordinary skill in the art will recognize 
that the integrated circuit cross section shown in Fig. 1(a) 
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is only one possible cross section and that many others are 
possible. For example, a different cross section may be 
appropriate for illustrating the deposition of tungsten 
nitride to form a gate electrode or capacitor electrode. 
5 The wafer containing the partially formed integrated 

circuit is then exposed to a plasma 109 as shown in Fig. 
1 (b) . The plasma is formed by providing a gaseous mixture 
and energizing it with energy from a signal having a 
frequency. The gaseous mixture includes a first gaseous 

10 composition containing nitrogen and hydrogen and a second 
gas composition containing tungsten. The first gaseous 
composition is one that will not have a gas phase reaction 
with the second gaseous composition to form tungsten 
nitride, unless energy is provided to the gaseous mixture. 

15 In one embodiment of the present invention, the first 
gaseous composition contains Hj hydrogen, and the second 
gaseous composition is tungsten hexafluoride (WFg) . The 
gaseous mixture may also include a dilutant, such as argon 
(Ar) . 

2 0 To pretreat the wafer prior to tungsten nitride 

deposition, the first gaseous mixture (e.g., one or more 
gases containing at least hydrogen with or without nitrogen 
in the mixture) is flowed into the chamber and energy is 
applied to form a pretreatment plasma. The preferred 

25 embodiment of the invention uses a gaseous mixture of 

hydrogen and nitrogen as the pretreatment plasma. After a 
short period of time, the second gaseous mixture is then 
added to the plasma to begin tungsten nitride deposition 
onto the wafer. If nitrogen was not used in the first 

30 gaseous mixture, it must be added to the plasma with the 
second gaseous mixture to facilitate timgsten nitride 
deposition. 

The signal that is. applied to form the plasma 109 may 
have a frequency in the range of 100 kilohertz (^^KHz") to 5 
35 gigahertz (^GHz"). The infusion of energy energizes the 

hydrogen in the first gaseous mixtxire such thiat the wafer is 
effectively "cleaned" prior to tungsten nitride deposition, 
and the infusion of energy to the combination of the first 
and second gaseous mixtures enhances the dissociation of 
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nitrogen into nitrogen ions to facilitate tungsten nitride 
deposition. The energy also fuels the break down of the 
tungsten hexaf luoride, so that the fluorine separates from 
the tungsten and combines with the hydrogen to form hydrogen 
5 fluoride (HF) . The nitrogen ions and tungsten combine to 
form tujigsten nitride (WjN) . 

As illustrated in Fig. 1(c), the tungsten nitride 106 
falls to the partially-formed integrated circuit to cover 
the upper surfaces of the metal component 101 and the 

10 insulative material 103 that has been sputtered cleaned by 
the pretreatment plasma. The portion of the deposited 
tungsten nitride 106 that overlies the metal coitponent 101 
may serve as a diffusion barrier to inhibit the diffusion of 
a later deposited metal into the metal component 101. In 

15 fact, tungsten nitride is an excellent barrier to prevent 
the diffusion of copper, which is applied in integrated 
circuit metalization processes. 

The hydrogen fluoride (HF) byproduct that is formed in 
the deposition of the tungsten nitride in exhausted from the 

2 0 chamber in which the deposition is performed. In contrast 
to the solid byproducts formed by the traditional deposition 
of tungsten nitride, the HF byproduct is gaseous. 
Accordingly, the number of contaminant particles that are 
left behind after the deposition of tungsten nitride in 

2 5 accordance with the present invention are greatly reduced 
over traditional tungsten nitride deposition processes. In 
general, the deposition of txmgsten nitride in accordance 
with the present invention results in the generation of only 
30 or less particles per eight inch wafer. 

30 As shown in Fig. 1(d), a layer of metal 107, such as 

copper or tungsten, is deposited to overlie the diffusion 
barrier layer of tungsten nitride 106. The upper surface 
of the wafer is then polished to remove both the metal 107 
and tungsten nitride 106 from the upper surface of the 

35 insulative material 103. The resulting interconnect plug 
structure 110 is shown in Fig. 1(e) . The polishing may be 
achieved by using chemical mechanical polishing. 

Although the above-described process for depositing 
tungsten nitride has been described with reference to the 
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formation of a diffusion barrier, tungsten nitride 
deposition in accordance with the present invention may also 
be employed when depositing tungsten nitride for other 
purposes. Such other purposes may include the formation of 
5 a gate electrode or the formation of a capacitor electrode. 

In accordance with the present invention, the deposition 
of tungsten nitride may be performed in any chamber that 
provides for plasma enhanced chemical vapor deposition. 
When tungsten nitride deposition is immediately followed by 

10 a metal deposition, it is beneficial for the tungsten 

nitride deposition chamber to also be capable of depositing 
the metal. As a result, the plasma treatment and the two 
depositions may be performed in-situ, and thereby eliminate 
the need to expose the tungsten nitride to environmental 

15 contaminants that can be encountered when transferring 
wafers between chambers. For example, during a wafer 
transfer, the tungsten nitride may be exposed to oxygen, 
thereby causing a native oxide to form which increases the 
resistivity of the tungsten nitride to \inacceptable levels 

20 and renders some of the wafer's dice defective. 

The CVD chamber manufactured by Applied Materials, Inc. 
of Santa Clara, California under the trade name WxZ Chamber 
and described in U.S. Patent Application Serial No. 
08/680,724, entitled Components Peripheral to the Pedestal 

25 in the Gas Flow Path within a Chemical Vapor Deposition 
Chamber, by Zhao, et al., filed on July 12, 1996, and 
incorporated herein by reference, may be employed to deposit 
tungsten nitride in accordance with the present invention. 
Such a chamber is schematically depicted in Fig. 2. The 

30 chamber 130 includes a showerhead 134 for flowing gases into 
a processing chamber 135 and a wafer support 132 for 
supporting a wafer that is being processed. The wafer 
support 132 is heated by a resistive coil (not shown) to set 
the temperature of the wafer for thermally energized 

35 reactions, such as the reactions that take place during 
chemical vapor deposition. 

The wafer support 132 is grounded, and the showerhead 
134 is coupled to a signal source 136 through a matching 
network 252. During the plasma treatment and deposition of 
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tungsten nitride, a gaseous mixture is flowed into the 
chamber 135 and infused with energy from a signal having a 
frequency and being provided by the signal source 136 to the 
showerhead 134. As a result, the gaseous mixture is 
5 transformed into a plasma 254 in which, first the 

hydrogen /nitrogen plasma treats the insulator layer and 
second tungsten and nitrogen ions combine to form tungsten 
nitride (WjN) . The tungsten nitride then falls to the heated 
upper surface of a wafer being supported by the wafer 

10 support 132 to form a layer of tungsten nitride. 

The chamber in Fig. 2 includes a control unit 200 that 
is coupled to a pressure control unit 140, a gas panel 143, 
an RF source 136, a heating element 141 and a temperature 
sensor 160, The control unit 200 monitors the chamber /wafer 

15 temperature and controls all the components of the chamber 
as described below with respect to FIG. 4. The pressure 
control unit 140, under control of the control unit 200, 
sets the pressure in the processing chamber 135 and provides 
an exhaust mechanism for removing reaction byproducts from 

2 0 the processing chamber 135. The walls of the processing 
chamber 135 are electrically isolated from the showerhead 
134 and wafer support 132 by isolators 162. 

In one embodiment of the present invention, a wafer 142, 
onto which tungsten nitride is to be deposited, is placed on 

2 5 the wafer support 132. The wafer 142 is spaced about 0.3 to 
0.8 inches, preferably 0.6 to 0.7 inches, from the 
showerhead 134. The pressure in the processing chamber 135 
is set by the pressure control unit 140 to be in a range of 
0.1 Torr. to 100 Torr. The temperature of the wafer 142 is 

30 set to be in a range of 200'' Celsius (^C") to 600°C. The 

wafer 142 temperature is established by enploying a 
resistive coil in the wafer support 132. However, other 
means of heating the wafer 142 may be employed such as the 
use of heat lamps. Further, a temperature sensing device 
35 160, may be employed to measure the temperature of the wafer 
and/ or wafer support and indicate when the appropriate wafer 
teirperature has been reached. 
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A plasma 144 is generated in the processing chamber 135. 
In generating the plasma, a gas panel 143 provides a gaseous 
mixture to the showerhead 134, and the signal source 136 
supplies a signal having a frequency to the showerhead 134. 
5 The gaseous mixture flows through the showerhead 134 and 
forms a plasma 144 in the processing chamber 135 containing 
the wafer 142. 

In accordance with the present invention, the preferred 
gaseous mixture includes a first gas composition containing 

10 both nitrogen and hydrogen and a second gas composition 
containing tungsten. The first gas composition does not 
have a gas phase reaction with the second gas composition to 
form tungsten nitride, unless energy is provided to the 
gaseous mixture. 

15 In the preferred embodiment of the invention, the first 

gas composition contains nitrogen and hydrogen and the 
second gas composition is tungsten hexafluoride (WFg) . The 
gaseous mixture also includes an argon (Ar) dilutant. The 
nitrogen and hydrogen are each provided at a flow rate in 

20 the range of 1 standard cubic centimeter per minute C'sccm") 
to 5,000 seem, and the flow rate of the argon dilutant is in 
a range of 1 seem to 5,000 seem. The nitrogen and hydrogen 
are supplied to the chairiber to form a treatment plasma, for 
15 to 30 seconds before the tungsten hexafluoride is 

25 supplied to the chamber. The tungsten hexafluoride in the 
gaseous mixture is supplied at a flow rate in a range of 
1 seem to 100 seem. 

The energy from the signal first excites the hydrogen 
such that the hydrogen and nitrogen effectively treat (i.e., 

3 0 sputter clean) the insulator layer surface and then promotes 
the dissociation of nitrogen into nitrogen ions. The energy 
also promotes the reduction of the tungsten hexafluoride 
into tungsten, which combines with the nitrogen ions, and 
fluorine, which combines with the hydrogen. As a result, 

35 the tungsten and nitrogen combine to form tungsten nitride 
(WjN) , and the hydrogen and fluorine combine to form hydrogen 
fluoride (HF) . 

In accordance with the present invention, the signal 
that is provided by the signal source 136 to form the plasma 
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has a frequency in the range of 100 KHz to 5 GHz. The power 
of the signal is in a range of 1 watt to 5 kilowatts. 
Preferably, the signal's power is in a range of 100 watts to 
1 kilowatt. The treatment plasma is maintained for a period 
5 of between 15 and 30 seconds and the deposition plasma is 
maintained for a period of time between 5 and 600 seconds. 

The repeated cycling of voltage from the signal source 
136 results in a surplus of electrons in the vicinity of the 
wafer 142 that produce a negative bias at the wafer 142. 

10 The showerhead 134 may acquire a negative bias between -200 
to -450 volts, typically -400 volts. The processing chamber 
135 and the wafer support 132 are grounded, and the negative 
bias of the wafer is between -100 to -250 volts, typically - 
200 volts, which remains approximately constant during the 

15 time that the plasma is maintained. The voltage gradient 
directs the tungsten nitride that is formed in the plasma 
onto the surface of the wafer 142 . 

The newly formed tungsten nitride deposits on the upper 
surface of the wafer 142, and once the plasma generation is 

2 0 coirpleted the hydrogen fluoride (HF) is exhausted from the 
processing chamber 135 by the pressure control unit 140. As 
a result of tungsten nitride being deposited on an eight 
inch wafer, in accordance with the present invention, the 
number of contaminant particles that are generated is 30 or 

25 less. 

When the chamber shown in Fig, 2 is used to deposit 
tungsten nitride as a diffusion barrier for an interconnect 
structure, the deposition of the metal for the interconnect 
structure may also be deposited on the wafer 142 in the same 

30 processing chamber 135 as the tungsten nitride. 

Accordingly, the tungsten nitride diffusion barrier and 
metal may be deposited in situ, so that the wafer is not 
removed from the processing chamber 135 between depositing 
tungsten nitride and depositing metal. This minimizes the 

35 exposure of the wafer 142 to contaminants outside of the 
processing chamber 135. 

The interconnect structure being formed may be a plug 
which includes a txingsten nitride diffusion barrier overlaid 
by a metal, such as copper or tungsten. In order to form 
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such an interconnect structure, the metal is deposited on 
the upper surface of the previously deposited layer of 
tungsten nitride 150. Traditional deposition processes, 
such as chemical vapor deposition, may be employed to 
5 deposit the metal. 

When depositing the metal on wafer 142 in processing 
chamber 135, the temperature of the wafer 142 is set to be 
in a range of 200°C to 600°C, and the pressure in the 

processing chamber 135 is set to be in a range of 0.01 Torr. 

10 to 50 Torr. The gas panel 143 provides a metal based 

gaseous mixture 151 to the showerhead 134. The showerhead 
134 flows the gaseous mixture 151 into the processing 
chamber 135 where the wafer 142 resides. The gaseous 
mixture 151 may include both a gaseous metal and an argon 

15 dilutant. When the metal being deposited is tungsten, the 
gaseous mixture 151 may include tungsten hexafluoride, 
nitrogen, and hydrogen. The flow rate of the tungsten 
hexafluoride may be in a range of 1 seem to 100 seem, while 
the flow rate of the nitrogen cuid hydrogen are in a rcinge of 

2 0 1 seem to 5,000 seem. The flow rate of argon may be in the 

range of 1 seem to 5,000 seem. 

The exposure of the gaseous mixture 151 to the heated 
wafer surface causes a heat- induced chemical reaction to 
take place. As a result, a layer of metal 153 is formed 
25 over the upper surface of the tungsten nitride 150. Once 

the metal is deposited, the pressure control unit 140 causes 
the metal deposition reaction byproducts to be exhausted 
from the processing chamber 135. At this point, the wafer 
142 may be removed from the processing chamber 135 and 

3 0 transferred to a machine for removing undesired portions of 

the tungsten nitride 150 and metal 153 . 

As described above, hydrogen fluoride (HF) is produced 
as a byproduct of the reaction between tungsten hexafluoride 
and the second gaseous coitposition containing hydrogen and 
35 nitrogen. When practicing embodiments of the present 

invention, a gaseous fluorine byproduct may also be produced 
from the reaction of tungsten hexafluoride, nitrogen, and 
hydrogen. The fluorine is produced in addition to the 
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hydrogen fluoride, because there may not be enough hydrogen 
to bond with all of the fluorine from the tungsten 
hexaf luoride . 

In some instances, the excess fluorine diffuses into the 
5 partially formed integrated circuit on the wafer. This can 
increase the resistivity of the layers of material into 
which the fluorine diffuses. Further, when tungsten nitride 
is being deposited in accordance with the present invention 
to form a gate electrode, the fluorine byproduct may diffuse 

10 through an underlying gate and increase the thickness of a 
gate oxide. An overly thick gate oxide can render a 
transistor inoperable. 

In further embodiments of the present invention, an 
additional gas may be added during deposition to the second 

15 gaseous composition containing hydrogen and nitrogen to 
provide for the absorption of the excess fluorine. The 
additional gas may either be used in conjimction with or as 
a substitute for the hydrogen in the second gaseous 
composition when used in the deposition plasma. In 

20 accordance with the present invention, the additional gas 
may be a hydride of Group III or V. In one embodiment, 
diborane BjHg is employed as the additional gas. 

When generating the deposition plasma, the second 
gaseous composition may include nitrogen, hydrogen, and 

25 BjHg diborane. The BjHg may be provided at a flow rate in a 
range of 1 seem to 30 seem, and all other conditions may be 
kept the same as described above with reference to Fig. 2. 
In the plasma, each boron atom combines with three fluorine 
atoms, and each hydrogen atom combines with only one 

30 fluorine atom. As a result, HF and BF3 are produced as 
gaseous byproducts, while tungsten nitride is deposited. 
The boron's absorption of the fluorine reduces the level of 
fluorine byproduct that is produced. This reduces the 
adverse affects caused by fluorine byproduct, such as 

35 increased resistivity and gate oxide thickness. Ideally, 

the concentration of fluorine may be reduced to a level in a 
range of IxlO" to IxlO" atoms per mole. 

However, BjHg is a highly toxic chemical. There are many 
safety, considerations to be taken into account when using 
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BaHg. Accordingly, the use of BjHg may be limited to 
situations where it is critical to minimize the amount of 
fluorine byproduct that is generated. For example, the need 
to limit the amo\int of fluorine when forming a gate 
5 electrode may be more critical in some instances than the 
need for limiting the amount of fluorine when forming a 
plug's diffusion barrier. This is due to the severe adverse 
affect that fluorine can have on the thickness of a gate 
oxide that underlies the gate electrode. 

10 In accordance with the present invention, the wafer may 

be plasma treated and txmgsten nitride may be deposited in a 
chamber that is controlled by a processor-based control 
unit. Fig. 3 illustrates a control unit 200 that may be 
employed in such a capacity. The control unit 200 includes 

15 a processor unit 205, a memory 210, a mass storage device 
22 0, an input control unit 270, and a display unit 250 which 
are all coupled to a control unit bus 225. 

The processor unit 205 may be a microprocessor or other 
engine that is capable of executing instructions stored in a 

20 memory, e.g., a 680X0 microprocessor manufactured by 

Motorola, Inc. The memory 210 may be comprised of a hard 
disk drive, random access memory {^^RAM"), read-only memory 
('^ROM"), a combination of RAM and ROM, or other memory. The 
memory 210 contains instructions that the processor unit 205 

2 5 executes to facilitate the performance of the above- 

mentioned process steps for depositing tungsten nitride in 
accordance with the present invention. The instructions in 
the memory 210 may be in the form of program code. The 
program code may conform to any one of a number of different 
30 programming languages. For example the program code may be 
written in C+, C++, BASIC, Pascal, or a niomber of other 
languages . 

The mass storage device 220 stores data and instructions 
and retrieves data and instructions from a processor 

3 5 readable storage medium, such as a magnetic disk or magnetic 

tape. For example, the mass storage device 220 may be a 
hard disk drive, floppy disk drive, tape drive, optical disk 
drive, or compact disk read only memory ("CD-ROM") drive. 
The mass storage device 220 stores and retrieves the 
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instructions in response to directions that it receives, from 
the processor unit 205. Data and instructions that are 
stored and retrieved by the mass storage \init 220 may be 
employed by the processor unit 205 for performing t\ingsten 
5 nitride deposition. The data and instructions may first be 
retrieved by the mass storage device 220 from a medium and 
then transferred to the memory 210 for use by the processor 
unit 205. 

The display unit 250 provides information to a chamber 
10 operator in the form of graphical displays and alphanumeric 
characters under the control of the processor unit 205. The 
input control unit 270 couples a data input device, such as 
a keyboard, mouse, or light pen, to the control unit 200 to 
provide for the receipt of a chamber operator's inputs. 
15 The control unit bus 225 provides for the transfer of 

data and control signals between all the devices that are 
coupled to the control unit bus 225. Although the control 
unit bus 225 is displayed as a single bus that directly 
connects to the devices in the control vinit 200, the control 
20 unit bus 225 may be a collection of buses. For example, the 
display unit 250, input control unit 270 and mass storage 
device 220 may be coupled to an input-output peripheral bus, 
while the processor unit 205 and memory 210 are coupled to a 
local processor bus. The local processor bus and input- 

2 5 output peripheral bus may be coupled together to form the 

control unit bus 225. 

The control unit 200 is coupled to the elements of a 
chaitiber for depositing a layer of tungsten nitride in 
accordance with the present invention, such as the chamber 
30 shown in Fig. 2. Each of the chamber's elements may be 
coupled to the control \init bus 225 to facilitate 
communication between the control xinit 200 and the 
respective element. These chamber elements, as set forth 
with reference to Fig. 2, include the gas panel 143, heating 

3 5 element 141, such as a resistive coil, pressure control unit 

140, signal source 136, and temperature determination device 
160. The control unit 200 provides signals to the chamber 
elements that cause the elements to perform the operations 
described above for the process steps of treating the wafer 
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and depositing tungsten nitride in accordance with the 
present invention. The control unit 200 may also receive 
signals from these elements to determine how to proceed in 
controlling the deposition of tungsten nitride. For 
5 example, the control unit 200 receives signals from the 
temperature termination device 160 to determine the amount 
of heat that the heating element 141 should provide. 

Fig. 4 illustrates a sequence of process steps (a 
tungsten nitride deposition routine 400) that may be 

10 performed by the processor unit 205 in response to program 
code instructions that it receives from the memory 210. 
Upon initiating (at step 402) the deposition of tungsten 
nitride, the processing chamber 135 temperature and pressure 
are established in step 404. In setting the pressure and 

15 temperature, the processor unit 205 executes instructions 
received from the memory 210. The execution of these 
instructions results in elements of the chamber being 
operated to set the wafer temperature and the chamber 
pressure. 

20 For example, the processor unit 205, in response to the 

retrieved instructions, causes the pressure control unit 140 
. to set the processing chamber 135 pressure to be in a range 
of 0.1 Torr. to 100 Torr. The processor unit 205 also 
instructs the heating element 141 to heat the wafer to a 

25 temperature in a range of 200°C to 600°C. 

Once the processing chamber's temperature and pressure 
have been established, the processor unit 205 executes 
instructions from the memory 210 which cause, at step 406, 
the chamber elements to flow a first gaseous mixture into 

30 the chamber and, at step 408, provide a signal having a 

frequency to supply energy to the first gaseous mixture for 
igniting a plasma. For example, the gas panel 143 is 
controlled, at step 406 to provide a first gaseous mixture 
containing nitrogen and hydrogen, as described above to 

3 5 form a wafer treatment plasma. 

Further, in step 408, the processor unit 205 instructs 
the signal source 136 to provide a signal to the showerhead 
134 having a frequency in the range of 100 KHz to 5 GHz with 
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a power in a range of 1 watt to 5 kilowatts. The processor 
\mit 205 causes such a signal to be provided for a time in 
the range of 15 to 30 seconds. Thereafter, the processor 
iHiit 205 causes, at step 410, the gas panel 143 to supply 
5 t\ingsten hexafluoride and argon to the showerhead 134. As 
such, tungsten nitride is deposited upon the wafer. The 
deposition process lasts for a time in the range of 5 to 600 
seconds . 

Once the . generation and maintenance of the plasma is 

10 completed, the interior of the chamber is purged in step 

412: The processor \init 205 instructs the processor control 
unit 140 to remove all reaction byproducts from the 
processing chamber 135. Once the processing chamber 135 has 
been purged, the deposition of tungsten nitride is 

15 coitpleted. Thereafter, the chamber can be optionally used, 
at step 414, to deposit a metal upon the tungsten nitride as 
described above. Once the metal is deposited, the process 
is complete at step 416. The wafer can then be removed and 
planarized to complete the interconnect structure. 

20 The deposition of tungsten nitride in accordance with 

the present invention results in the generation of fewer 
contaminant particles. Additionally, the addition of a 
plasma treatment process prior to tungsten nitride 
deposition improves the adhesion of the tungsten nitride 

25 layer to the wafer and especially to oxide coated portions 
of the wafer. Specifically, tungsten nitride films 
deposited in accordance with the present invention have 
improved adhesion over films deposited without treatment as 
measured by the standard "cellophane tape" test. 

30 Furthermore, tungsten nitride films deposited after 

treatment of the wafer with a hydrogen/nitrogen plasma 
exhibit reduced silicon encroachment into the tungsten 
nitride film. This effect may be related to nitrogen 
passivation of the Si surface which prevents fluorine 

35 containing species in the deposition plasma from reacting 
with silicon during the initial stage of tungsten nitride 
deposition or the effect may relate to hydrogen reduction of 
the WFg in lieu of silicon reduction of the WFg during the 
initial stage of tiingsten nitride deposition. 
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The present invention has been described as a plasma 
treatment of the wafer prior to tungsten nitride deposition 
using either a hydrogen /nitrogen cornbination or diborane as 
the reducing agent. The improved adhesion resulting from 
5 the plasma treatment of an oxide layer will occur for a 
tungsten nitride film that is deposited in any manner 
including reducing tungsten hexafluoride with ammonia or 
using an organo-metallic precursor in a thermal 
decomposition process . 

10 Although the present invention has been described in 

terms of specific exemplary embodiments, it will be 
appreciated. that various modifications and alterations might 
be made by those skilled in the art without departing from 
the spirit and scope of the invention as specified by the 

15 following claims. 
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What is claimed is: 

1. A method for depositing a layer of material on an 
upper surface of a partially formed integrated circuit in a 

5 processing chamber, said method comprising the steps of: 

(a) providing a gaseous mixture in the processing 
chamber, wherein said gaseous mixture includes a first 
gaseous composition containing tungsten and a second gaseous 
composition containing nitrogen and hydrogen, wherein said 

10 second gaseous composition does not have a gas phase 
reaction with said first gaseous composition to form 
tungsten nitride, unless energy is provided to said gaseous 
mixture ; and 

(b) providing energy to said gaseous mixture in the 
15 processing chamber to form a deposition plasma. 

2. The method of claim 1, wherein said first gaseous 
conposition includes tungsten hexaf luoride. 

2 0 3. The method of claim 2, wherein said first gaseous 

composition consists of tungsten hexaf luoride. 

4. The method of claim 3, wherein said second gaseous 
composition consists of hydrogen and nitrogen. 

25 

5. The method of claim 2, wherein said first gaseous 
composition is provided at a flow rate in a range of 1 seem 
to 100 seem. 

30 6. The method of claim 5 wherein said hydrogen is 

provided at a flow rate in a range of 1 seem to 5,000 seem 
and said nitrogen is provided at a flow rate in a range of 1 
seem to 5,000 seem. 

35 7. The method of claim 6, wherein said deposition 

plasma is generated for a time in a range of 5 seconds to 
600 seconds. 
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8. The method of claim 2, wherein said gaseous 
mixture includes argon. 

9. The method of claim 8 wherein said argon is 
5 provided at a flow rate in a range of 1 seem to 5,000 seem. 

10. The method of claim 1, wherein said step (b) 
.includes the step of: 

providing a signal having a frequency to a first 
10 electrode on a first side of said partially formed 
integrated circuit. 

11. The method of claim 10, wherein a second electrode 
on a second side of said partially formed integrated circuit 

15 is coupled to an electrical ground. 

12. The method of claim 10, wherein said frequency is 
in a range of 100 KHz to 5 GHz. 

20 13. The method of claim 1, further including the step 

of: 

(c) depositing a layer of metal on an upper surface of 
said layer of material, while said layer of material is in 
said processing chamber. 

25 

14. The method of claim 1, further including the steps 

of: 

(c) setting a pressure in said processing chamber to 
be within a range of 0.1 Torr to 100 Torr; and 
3 0 (d) setting a temperature of said partially formed 

integrated circuit to be within a range of 200*^0 to 600°C. 

15. The method of claim 1, wherein said layer of 
material is a diffusion barrier. 

35 

16. The method of claim 1, wherein said material is 
tungsten nitride. 
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17 . The method of claim 1 wherein said upper surface 
contains an oxide layer. 

18. The method claim 1 wherein said step (a) is 
5 preceded by the steps of : 

(e) providing a third gaseous conposition containing a 
hydrogen gas; 

(f) providing energy to said third gaseous composition 
to form a treatment plasma that treats the upper surface of 

10 said partially formed integrated circuit. 

19. The method of claim 18 wherein said third gaseous 
conposition is the same as said second gaseous composition. 

15 20. A method for depositing a layer of material on an 

upper surface of a partially formed integrated circuit in a 
processing chamber, said method coirprising the steps of: 

(a) providing a first gaseous composition containing a 
hydrogen and nitrogen gas; 

20 (b) providing energy to said first gaseous composition 

to form a treatment plasma; and 

(c) providing a second gaseous composition containing 
tungsten hexafluoride to form a gaseous mixture; and 

(d) continuing to provide energy to said gaseous 
2 5 mixture in the processing chamber to form a deposition 

plasma. 

21- The method of claim 20, wherein said first gaseous 
composition consists of hydrogen and nitrogen. 

30 

22. The method of claim 21 wherein said hydrogen is 
provided at a flow rate in a range of 1 seem to 5,000 seem 
and said nitrogen is provided at a flow rate in a range of 1 
seem to 5,000 seem. 

35 

23. The method of claim 20 wherein said treatment 
plasma for pretreatment is maintained for a period of time 
of between 15 and 30 seconds. 
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24. The method of claim 20, further including the step 

of: 

(e) depositing a layer of metal on an upper surface of 
5 said layer of material, while said layer of material is in 
said processing chamber after step (d) , 

25. The method of claim 20, wherein said layer of 
material is a diffusion barrier. 

10 

26. The method of claim 20, wherein said material is 
tungsten nitride. 

27 . A processor readable storage medium having program 
15 code embodied therein, said program code for controlling a 

chamber during a deposition of a material on a wafer, 
wherein said chamber includes a gas panel, a heating 
element, a pressure control unit, a signal source, and an 
electrode coupled to said signal source, said program code 

2 0 including: 

a first program code, said first program code instructs 
a processor to provide a signal to said gas panel to cause a 
gaseous mixture to be provided in said chamber, wherein said 
gaseous mixture includes a first gaseous composition 
25 containing tungsten and a second gaseous composition 
containing nitrogen and hydrogen, wherein said second 
gaseous composition does not have a gas. phase reaction with 
said first gaseous composition to form tungsten nitride, 
unless energy is provided to said gaseous mixture; and 

3 0 a second program code, said second program code 

instructs said processor to provide a signal to said signal 
source to generate a signal having a frequency to be 
provided to said electrode to convert said gaseous mixture 
into a plasma. 

35 

28. The processor readable storage medium of claim 27, 
wherein said program code further includes: 

a third program code, said third program code instructs 
a processor to provide a signal to said heating element to 
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cause a tenperature of said wafer to be within a range of 
200^C to 600°C; and 

a fourth program code, said fourth program code 
instructs said processor to provide a signal to said 
5 pressure control unit to cause a pressure in said chainber to 
be within a range of 0.1 Torr to 100 Torr. 

29- The processor readable storage medixim of claim 28, 
wherein said gaseous mixture contains tungsten 
10 hexafluoride, hydrogen, nitrogen, and argon. 

30. A processor readable storage medium having program 
code embodied therein, said program code for controlling a 
chamber during a deposition of a material on a wafer, 
15 wherein said chamber includes a gas panel, a heating 

element, a pressure control unit, a signal source, and an 
electrode coupled to said signal source, said program code 
controlling the chamber in accordance with the following 
steps : 

2 0 (a) providing a first gaseous coirposition containing a 

hydrogen gas; 

(b) providing energy to said first gaseous composition 
to form a treatment plasma that treats the upper surface of 
said partially formed integrated circuit; and 
25 (c) depositing txingsten nitride upon the treated upper 

surface . 



wo 99/00830 



PCT/US98/13305 



1/6 




FIG. 1a 




FIG. 1b 



SUBSTITUTE SHEET (RULE 26) 



wo 99/00830 



PCT/US98/1330S 



2/6 




FIG. 1d 



SUBSTITUTE SHEET (RULE 26) 



wo 99/00830 



3/6 



PCt/US98rt3305 




FIG. 1e 



SUBSTITUTE SHEET (RULE 20 



FCTA]S98n3305 




SUBSTITUTE SHEET (RULE 26) 



WO99/D0830 



PCTAJS98/13305 



5/6 




CO 

o 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS98/13305 



6/6 



CSTART> ~^402 



ESTABLISH 
TEMPERATURE 
AND PRESSURE 



SUPPLY FIRST 

GASEOUS 
COMPOSITION 



IGNITE 
PLASMA 



SUPPLY SECOND 

GASEOUS 
COMPOSITION 



PURGE 
CHAMBER 



A04 



-406 



.408 



>410 



-412 




TUNGSTEN 
NITRIDE 

DEPOSITION 
ROUTING 
400 



< DONE ) 



.416 



FIG. 4 



SUBSrmjTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Interr lal Application No 

PCT/US 98/13305 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L21/285 C23C16/34 C23C16/52 



According to International Patent ClasslflcattonOPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassificaUon system followed byelassiAcatlon symbols) 

IPC 6 HOIL C23C 



Documentation searched other than minlmumdocumentatlon to the extent that such documents are included in the fields searched 



Electronic data base consulted during the internationat search (name ot data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 013, no. 173 (E-748), 24 April 1989 

& JP 01 005015 A (SHARP CORP), 

10 January 1989 

see abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 013, no. 169 (C-587), 21 April 1989 

& JP 63 317676 A (SHARP CORP), 

26 December 1988 

see abstract 

US 5 356 835 A (SOMEKH SASSON ET AL) 
18 October 1994 

see column 6, line 10 - line 20 

-/- 



1-4, 
15-17, 
20,21, 
24-26 



1-6,15. 
16, 

20-22, 
25,26 



1-6,8,9 



m 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are Hated In annex. 



" Special categories of cited documents : 

"A" document defining the general state of the art which Is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the pubiicationdate of another 
citation or other special reason (as specified) 

"O" document refening to an oral disclosure, use, exhibition or 
other means 

"P" document pul^llshed prior to the international filing date but 
later than the priority data claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory undertying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 

involve an inventive step when the document is taken atone 
"Y" document of particular relevance; the claimed invention 
. cannot be considered to involve an inventive step when the 
document is combined with one or rrwre other such docu- 
ments, such combination being obvious to a parson skilled 
in the art. * 

"&" documGnt member of the same patent famlty 



Date ot the actual completion of theintemational search 



2 October 1998 



Date of mailing of the International search report 



15/10/1998 



Nanne and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswiik 
Tel. (+31-70) 340-2040. Tx, 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer' 



Konigstein, C 



Fonn PCT/ISA/210 (second shoet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern jsI Application No 

PCT/US 98/13305 



C^ConUnuaUan) DOCUMENTS CONSIDERED TO BE RELEVANT 



Catsgoiy' Citation of doeuri«nt,«iMihdleaUon,«iih«raappnpifat«,olttwr»lcventpaaMg«« 



RotovanttedaimNo. 



X . 



P,X 



P.X 



EP 0 778 358 A (APPLIED MATERIALS INC) 

11 June 1997 

see the whole document 

EP 0 711 846 A (APPLIED MATERIALS INC) 
15 Hay 1996 
see table 2 

US 5 232 872 A (OHBA TAKAYUKI) 

3 August 1993 

see the whole document 

EP 0 840 363 A (TEXAS INSTRUMENTS INC) 
6 May 1998 
see figure 1 

EP 0 841 690 A (SAMSUNG ELECTRONICS CO 
LTD) 13 May 1998 



see column 4, line 30 - column 5, line 31 

LU 0 P ET AL: "A new process for 
depositing tungsten nitride thin films" 
JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 
FEB. 1998, ELECTROCHEM. SOC, USA, 
vol. 145, no. 2, pages L21-L23, 
XP002079461 
ISSN 0013-4651 
see the whole document 



27-30 



1-4,18, 
20-26 



1-5, 
14-17, 
20,21, 
24-26 



1-4, 

10-21, 

24-26 



P.X 



US 5 648 175 A (RUSSELL KATHLEEN 

15 July 1997 

see the whole document 



ET AL) 



27-30 



Fofm PCT/ISAQ10 (cantinuatian of socond sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

toitonnatlon on patent family member a 



Interne il Application No 

PCT/US 98/13305 



Patent document 




l^Diication 




Patent family 


Publication 


' cited in seaich report 




date 




mmbei{s) 


date 


. US 5356835 


A 


18-10-1994 


US 


5250467 A 


05-10-1993 








EP 


0506129 A 


30-09-1992 








JP 


5102075 A 


23-04-1993 


EP 0778358 


A 


U-06-1997 


OP 


9172008 A 


30-06-1997 


EP 0711846 


A 


15-05-1996 


JP 


8246152 A 


24-09-1996 



US 5232872 


A 


03-08- 


•1993 


IL 


104957 A 


31-01-1996 










DE 


69018307 D 


11-05-1995 










DE 


69018307 T 


03-08-1995 










EP 


0397131 A 


14-11-1990 










JP 


2110346 C 


21-11-1996 










JP 


3278431 A 


10-12-1991 










JP 


8008222 B 


29-01-1996 


EP 0840363 


A 


06-05- 


-1998 


JP 


10144627 A 


29-05-1998 


EP 0841690 


A 


13-05- 


-1998 


NONE 







US 5648175 A 15-07-1997 JP 9312290 A 02-12-1997 



Foim PCT/ISASIO <puent tainlly aiimx) (JUy 1992) 



